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[1] This study examines global tropopause variability on synoptic, monthly, seasonal, and
multidecadal timescales using 1980–2004 radiosonde data. On synoptic and monthly
timescales, tropopause height variations are anticorrelated with stratospheric temperature
variations and positively correlated with tropospheric temperature variations.
Correlations are stronger in the extratropics than in the tropics, for the upper troposphere
(500–300 hPa) than for the lower troposphere, and for the lower stratosphere than for
the middle stratosphere. The extratropical tropopause is more sensitive to temperature
changes than the tropical tropopause, and in both regions, monthly anomalies of
tropopause height are more sensitive to stratospheric temperature change than
tropospheric, rising 2–3 km per degree cooling of the lower stratosphere. Tropopause
height trends over 1980–2004 are upward at almost all of the (predominantly
extratropical) stations analyzed, yielding an estimated global trend of 64 ± 21 m/decade,
a corresponding tropopause pressure trend of �1.7 ± 0.6 hPa/decade, and tropopause
temperature decrease of 0.41 ± 0.09 K/decade. These tropopause trends are accompanied
by significant stratospheric cooling and smaller tropospheric warming. However, the
tropopause trends are spatially correlated with stratospheric temperature trends and
uncorrelated with tropospheric temperature trends. This association of tropopause height
and stratospheric temperature trends, together with the presence of a significant
quasi-biennial oscillation signal in tropopause height, suggests that at these lowest
frequencies the tropopause is primarily coupled with stratospheric temperatures.
Therefore, as an indicator of climate change, long-term changes in the tropopause may
carry less information about changes throughout the vertical temperature profile than has
been suggested by previous studies using reanalyses and global climate models.
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1. Introduction

[2] Recent work by Sausen and Santer [2003] and Santer
et al. [2003a, 2003b, 2004] suggests that changes in the
height (or pressure) of the global tropopause may be a
sensitive indicator of anthropogenic climate change. These
studies employed reanalysis data and climate model simu-
lations, in which tropopause height increases were closely
associated with tropospheric warming and stratospheric
cooling. Global tropopause pressure changes in the
ECMWF 15-year reanalysis for 1979–1993 have been
estimated between +0.1 and �1.13 hPa/decade [Hoinka,
1998, 1999; Santer et al., 2003a], and the ECMWF 40-year
reanalysis and the NCEP/NCAR reanalysis both show
larger trends of about �2 hPa/decade for 1979–2001
[Santer et al., 2003a, 2004]. These reported tropopause
trends in reanalyses are remarkable given that typical
reanalysis vertical resolution is about 50 hPa in the vicinity

of the tropopause, and that the tropopause is calculated by
interpolation of lapse rates between model or analysis
levels. To date, no studies have reported global tropopause
trends based on the primary upper air data source entering
the reanalyses–radiosonde data, although several investiga-
tors have done so for limited regions [Nagurny, 1998;
Highwood et al., 2000; Randel et al., 2000; Chakrabarty
et al., 2000; Seidel et al., 2001; Varotsos et al., 2004; Añel et
al., 2006].
[3] In this study, we attempt to estimate trends in the

global tropopause on the basis of radiosonde observations,
which offer substantially higher vertical resolution than
reanalyses, thus allowing a more accurate identification of
the tropopause and possible multiple tropopause levels.
Daily or twice-daily soundings, extending back about
50 years at some locations, present the possibility of
examining tropopause variations on timescales ranging
from synoptic to multidecadal. To provide a broader context
for the analysis of long-term tropopause changes, we also
examine the covariability of tropopause height and strato-
spheric and tropospheric temperature.
[4] Section 2 outlines the radiosonde data used and

methods of analysis, including a discussion of temporal
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